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Introduction
Xiyanping (XYP), a traditional Chinese medicine available in injection form, is used for the treatment of bronchitis, hand, foot, and mouth disease, bacillary dysentery, and other infectious diseases in China [1] [2] [3] [4] . The sole active ingredient of XYP is the water-soluble andrographolide [5] , which is a diterpenoid lactone from the traditional Chinese medicinal herb Andrographis paniculata [3] . Data have showed the effects of this sulfonated andrographolide in sepsis, acute lung injury, the associated antimicrobial, antiviral, and other anti-inflammatory actions in representative studies [5] [6] [7] [8] . In China, XYP has been a topic [9, 10] since the safety impacted factors are not completely clear and the mechanism of ADRs is not validated. Therefore, it is imperative to conduct comprehensive assessment of ADRs associated with XYP using rigorous systematic review of case reports [11] to fully understand the scope of safety of XYP and the prevention measures in clinical use.
Methods

Study Identification.
We searched PubMed, Embase, Cochrane Library, China National Knowledge Infrastructure (CNKI), Chinese Scientific Journal Database (VIP), Chinese Biomedical Literature Database (CBM), and Wanfang Data from database inception to 9 January 2018 for eligible case reports with information regarding ADRs related to XYP in humans published peer-reviewed journals. No restrictions on language were imposed. The search terms, in both English and Simplified Chinese, included "andrographolide sulfonate", "xiyanping", "adverse drug reaction", "adverse effect", "side-effect", "anaphylaxis", "allergic reaction", "safety", "toxicity".
Study Selection and Data Extraction.
Two reviewers (Shiqi Chen and Rui Zheng) independently conducted the study selection and data extraction. Firstly, we removed the duplicates of all papers through searching. Then, we examined the titles and abstracts according to the inclusion criteria. Finally, the full texts were retrieved for detailed assessment. A standardized data extraction form was used to collect data of included studies, including title, first author, year of publication, drug batch number, admission time, age, gender, primary disease, allergic history, solvent, dosage, drug combination and mixture, dripping speed, ADR type, ADR symptom, occurrence time, ADR treatment, and prognosis. Disagreements were resolved through discussion or by consulting a third reviewer (Hongcai Shang).
Criteria of ADR, Causality
, and Severity. Two investigators (Shiqi Chen and Rui Zheng) evaluated ADRs of included studies according to the criteria of ADR, causality, and severity. The definition of ADR by China Food and Drug Administration is "an unintended and unfavorable outcome that occurs during or after the normal use of a qualified pharmaceutical" [12] . Further investigation was required to clarify any casual relationship between the case report findings and XYP. The reports that were not coincident with the definition of ADR or irrelevant with XYP were not analyzed.
The causality categories described by the WHO Collaborating Centre for International Drug Monitoring (The Uppsala Monitoring Centre) [13, 14] are classified into 6 levels: certain, probable, possible, unlikely, conditional/unclassified, and unassessable/unclassifiable ADRs related to the drug.
The results consist of 5 aspects: (1) the clinical events with laboratory test abnormality; (2) the plausible time between drug use and ADR; (3) the plausible explanations provided by other drugs, chemicals, or underlying diseases; (4) the response to withdrawal of the drug (dechallenge); and (5) the rechallenge information. The detailed classification standard is showed in Table 1 [14] .
Serious ADRs can be identified as one of the following 6 reasons [12] : (1) lethality; (2) life-threatening; (3) carcinogenesis, teratogenesis, or birth defects; (4) conspicuous or permanent injuries or organ dysfunctions; (5) prolonged length of hospitalization; and (6) other serious medical incidents which can progress to (1)-(5) consequences above.
Data Analysis.
Descriptive analysis was applied to the included studies involving 5 aspects: (1) age and gender; (2) primary diseases and allergic history; (3) mixture and combination of drugs; (4) occurrence time and type of ADR; and (5) prognosis of ADR.
Results
Studies Identified and Characteristics.
The initial database search yielded 5942 records. After removing 3511 duplicates, 2431 records were screened for eligibility. Of these, full-text articles of 141 studies were obtained for further assessment. We eventually included 43 reports (involving 55 cases). Our study selection process is illustrated in Figure 1 . The characteristics of the case reports are shown in Table 2 . thus they were excluded from our ADR analysis. After the assessment of causality and severity for the remaining 47 cases (reported in 36 articles), the results of causality showed that 26 ( For the ADR type, anaphylaxis and anaphylactic shock were common types, up to 97.9%. 29 (29/47, 61.7%) cases were treated as anaphylaxis and 17 (17/47, 36.2%) were anaphylactic shock. Patients of anaphylaxis may break out in a rash, together with itch, or they may have symptoms such as cyanosis, cough, abdominal pain, dizziness, chest congestion, short of breath, chills, or fever. Anaphylactic shock was more serious than anaphylaxis. Besides the symptoms above, it had a sharp drop of blood pressure, dyspnea, and disturbance of consciousness. In addition to these cases, 1 (1/47, 2.1%) was just reported to have dizziness of unknown origin. More details were in Table 6 .
Assessment Results of ADR
Prognosis of ADR.
Oxygen uptake, epinephrine, dopamine, dexamethasone, diphenhydramine, promethazine, and 10% calcium gluconate were frequently used in anaphylaxis and anaphylactic shock as described in the case reports. After the treatment, 45 cases (45/47, 95.7%) recovered soon.
The case of ADR resulting in death was having an allergy and had primary disease of scald with infections [33] . After the first-time treatment, the right upper limb was swelling Evidence-Based Complementary and Alternative Medicine 9 and painful to exercise. The next day after the secondtime use of XYP, the patient developed into anaphylactic shock, showing dyspnea, disturbance of consciousness, and a sharp drop of blood pressure. After the urgent anti-shock treatment, the patient died finally. The report had recorded that sulfonamide was his allergen and at the same time had a 10-year history of diabetes mellitus. However, it was unclear of the allergic constitution and the disease progression. With the rational relationship of time between drug use and ADR, the causality can be classified as possible. The other case of anaphylactic shock leading to the vegetative state had the primary disease of pediatric asthmatic bronchitis [24] . The symptoms of shock came out at the first time when using XYP. After the anti-shock treatment, the patient was in a coma and finally in the persistent vegetative state. Allergic history was indistinct. Considering rational relationship of time, absence of both the provocation test (rechallenge), and the clinically reasonable response on withdrawal (dechallenge), the causality can be also classified as possible. The cases which are classified possible need further investigating in the concurrent diseases or other drugs or chemicals. Other factors like these may be more possible than XYP itself.
Discussion
Normalization of the Drug Use and the ADR Reports.
According to the results of a prospective, postmarketing, and large-scale centralized hospital monitoring study [58] , a total of 30759 patients employing XYP were collected from 21 hospitals; as a result, a number of 23 patients developed mild ADRs related to XYP, and the ADR incidence rate was 0.75‰ (95% confidence interval: 0.47‰ ∼ 1.12‰). Another prospective randomized controlled trial [2] , which contained 114 patients of severe hand, foot, and mouth disease in XYP combination group, observed no ADRs during the period of study. Considering the rare ADR incidence of XYP, we should pay more attention to the rational drug use in clinical practice. Our comprehensive literature search revealed 8 cases where the use of XYP fell outside of the recommendations as provided in the package inserts of XYP, including fast dripping speed and the use of improper solvents. Formalization of the drug use should be emphasized for fear of an increased risk of adverse events. Overdose and overspeed would quicken blood circulation and increase cardiac burden, leading to heart failure and serious anaphylactic shock [59] . Clinicians and patients should strictly follow the instruction to assure the safety of XYP [60] .
We intended to identify detailed information about ADRs through the findings in case reports. However, they were far from content without explicit description and critical appraisal of evidence. Compared with adverse effects and adverse events, information regarding ADRs should be more specific to a drug [61] . In the published literature, assessment of ADR, causality, and severity should be evaluated aforehand and described normatively according to the standard [12] [13] [14] .
Attention to the Patients Employing XYP.
XYP is widely used in various age groups, especially in pediatrics [62] . Kids (≤14 years old) accounted for 66.0% among cases of ADRs. Clinicians and patients should attach importance to the children in early growth with incomplete functional organs, which have individual limits and narrow efficacy of threshold [63] .
XYP is an injectable traditional Chinese medicine, with mechanisms of actions in clearing heat and detoxicating for bronchitis, hand, foot, and mouth disease, bacillary dysentery, and other infectious diseases. In these reported cases, it applied not only to some other diseases such as bronchial asthma, adenomesenteritis, and psoriasis, but also to emesis, hypogastralgia, and fever which were not diagnosed definitively. The application of TCMI should be distinguished from the western medicine: treatment based on syndrome differentiation should integrate with the treatment of disease differentiation [64] . According to TCM theory and high-quality research findings, clinical indications of employing XYP should be identified clearly in the package insert.
The unknown information of allergic history in ADR cases accounted for 55.3%. The types of ADRs were mainly allergic reactions, involving diseases in respiratory system, integumentary system, digestive system, and so on. With the high rates of anaphylaxis and anaphylactic shock (97.9%), it is significant to inquire the detailed allergic history from the patients and consider the allergic constitution before taking XYP [65] . Moreover, we need to pay more attention to the allergic histories of andrographis preparations such as lianbizhi injection [66] , yanhuning injection [67] , and chuanhuning injection [68] .
The Mechanism and Prognosis of Allergic Reaction.
Allergic reactions without specific proof of diagnosis accounted for 97.9% in these cases. These ADRs happened mostly in 30 minutes (70.2%) and can be defined as immediate hypersensitivity reactions (IHRs) [69] . Previous research has identified that only a small part of those IHRs are immunemediated (IgE or T cell) IHRs, thus true drug allergies, and the majority are non-immune-mediated IHRs, hence pseudo drug allergies [70] . Studies regarding XYP demonstrated that the results of active systemic anaphylaxis (ASA) test and passive cutaneous anaphylaxis (PCA) test were both negative on guinea pigs [71] , while rats receiving directly intracutaneous injection showed positive outcomes with the assay of Evans blue spots [72] . IHRs induced by XYP usually occurred without the previous exposure, conforming to the features of pseudo-allergic reactions [73] . Another TCMI named Shuanghuanglian (SHL) has indicated that during sensitization the specific IgE was not elicited and the pseudoallergic reactions were directly motivated by the activation of RhoA/ROCK signal pathway [74] . In-depth mechanism of the hypersensitivity reaction for XYP merits future researches to seek potential therapeutic strategy to prevent or treat with the associated ADRs.
After the expectant treatment for ADRs, 95.7% cases were improved and recovered. It has been warned in the header of the package insert that people should employ XYP in hospitals with emergency equipment in case of the anaphylactic shock.
Tube-Flushing and Systematic Researches in Combination of Drugs.
The package insert of XYP has showed that mixture of drugs should be forbidden [75] , and combination of drugs should be adopted prudently because the possible insoluble particles precipitated out would produce ADRs [76] . The drug instruction has also informed that appropriate intervals associated with tube-flushing should be vigilant in case of drug interactions. However, a study [77] concerning 3 TCMIs (including XYP, reduning injection, and danhong injection) showed that only 9.6% of the 2,045 investigating cases were flushed or replaced with infusion tubes at the time of intervals. Due to XYP-use in infectious diseases [1] [2] [3] , most of the combined medications were antibiotics and antiviral drugs in clinical practice. In this study, more than a half of the cases did not even report the combinations. Researchers should record detailed information about combined medication in the case reports and strengthen the systematic researches in the incompatibility of antibiotics and antiviral drugs.
Limitation.
The systematic review of case reports has some limitations itself. In a systematic review of RCTs, we can conduct a meta-analysis to identify the efficacy of a drug or an intervention. However, in a systematic review of case reports, we cannot use the combined data to obtain advantages or disadvantages for the missing number of drug users and comparisons. So, we just carried out a descriptive analysis and list all the factors for the relevant ADRs in different states. Afterwards, we expect more prospective clinical studies and experiment researches to obtain the accurate ADR outcomes in every state.
Conclusions
As for the rare incidence of ADRs of XYP in the prospective study, clinicians and patients should strictly obey the drug instruction in clinical practice, including indications, allergic history, solvent, dosage, drug combination, dripping speed, and tube-flushing.
ADRs in the case reports merit close attention and detailed description. Assessment of ADR, causality, and severity are all necessary in reporting an ADR case, and more valid information from the literatures are also required to construct the integral postmarketing security evaluation system [78] .
Considering its misleading indications and unclear age groups in the package insert, high-quality clinical studies and pharmaceutical experiments are demanded to supplement the drug instruction. Attention should be paid when XYP is used in children and people with allergic constitution. To prevent and treat with serious anaphylactic shock, mechanism of the hypersensitivity reaction and the drug combination should still be fully identified.
